Context. The largest spectroscopically selected sample of strong gravitational lens systems has been recently presented and analyzed by the Sloan Lens ACS (SLACS) Survey. For the 57 massive early-type lens galaxies in the sample, photometric and spectroscopic measurements are available from the Sloan Digital Sky Survey (SDSS). Aims. By using the SDSS multicolor photometry and lens modeling, we study stellar mass properties and the luminous and dark matter composition of the early-type lens galaxies in the sample. Methods. We fit the lens Spectral Energy Distributions (SEDs) composed of ugriz magnitudes with a three-parameter grid (age, star formation time scale, and photometric mass) of Bruzual & Charlot's and Maraston's composite stellar population models, computed by adopting solar metallicity and different Initial Mass Functions (IMFs). We also make use of the best-fit values that come from the lens models of the total projected mass enclosed within the disk defined by the Einstein radius of each system. Results. We observe that early-type lens galaxies exhibit the same physical properties as massive non-lens galaxies. In particular, we measure size-stellar mass and surface stellar mass density-stellar mass relations consistent with those determined for non-lens galaxies in the local Universe. We find statistically significant evidence that more luminous and massive lens galaxies tend to form in regions of higher galaxy density, as for all early-type galaxies. Interestingly, we measure for the corresponding stellar quantities the same scaling law between effective mass-to-light ratio and mass, that is used to explain the "tilt" of the Fundamental Plane (FP), and the same evolution of the effective mass-tolight ratio with redshift, that can be derived from the FP. We conclude that the total (luminous+dark) mass of the lenses is linearly proportional to the luminous mass, at a confidence level of more than 99%. In addition, by assuming that the lens galaxies are homologous systems, we study their distribution of dark matter and estimate a value on the order of 30% for the dark over total projected mass fraction contained within the average Einstein ring of radius of approximately 4 kpc. Conclusions. These results suggest that early-type lens galaxies are an unbiased subsample representative of the whole sample of early-type galaxies. This allows us to generalize our findings on the amount and distribution of dark matter in lens galaxies to the population of massive early-type galaxies. We note that, for the assumed metallicity, a Salpeter IMF is better suited than a Chabrier or Kroupa IMF to describe the sample of lenses.
Introduction
Early-type galaxies are complex astrophysical objects, despite their fairly simple morphological appearance. In addition to the luminous stellar component, significative evidence on the existence of a dark matter component (in the form of a diffuse halo) has been recently collected, especially in the outer regions of the most massive systems (e.g., Treu & Koopmans Send offprint requests to: C. Grillo 2004; Gavazzi et al. 2007; Grillo et al. 2008c ). Although in these galaxies baryons are estimated to represent only a small fraction of the total mass, it is now commonly agreed that the role of baryons plays a crucial role in the formation and evolution of dark matter haloes. For instance, the accretion of dissipational gas in the inner regions (∼ 10 kpc) of massive earlytype galaxies has been recognized as the possible origin of a dark matter density profile which appears steeper (e.g., Jesseit et al. 2002; Gnedin et al. 2004 ; Kazantzidis et al. 2004 ) than that predicted by dark matter-only cosmological simulations (Navarro et al. 1997) . Moreover, the time required for the conversion of gas into collisionless stars is an essential parameter that influences the evolution of these systems within the hierarchical formation scenario (e.g., van Dokkum et al. 1999) .
Notwithstanding, the distribution of luminous and dark matter in early-type galaxies has revealed a degree of homogeneity (e.g., Treu et al. 2006; Grillo et al. 2008b; Bolton et al. 2008b ) such that several empirical scaling laws between photometric and spectroscopic properties can remain valid (e.g., Faber & Jackson 1976; Kormendy 1977; Dressler et al. 1987; Baum 1959; Bower et al. 1992; Bender et al. 1992 Bender et al. , 1993 Ferrarese & Merritt 2000; Gebhardt 2000; Shen et al. 2003; McIntosh et al. 2005) . Among these scaling laws, an extensively studied relation between effective radius, central stellar velocity dispersion, and average surface brightness is known as the Fundamental Plane (FP; Djorgovski & Davies 1987; Dressler et al. 1987) . The interplay between luminous and dark matter needs still to be investigated in depth in order to fully understand the origin of the observed scaling laws and, ultimately, the mechanisms that are responsible for the initial formation and the following evolution of early-type galaxies.
In the field, mass seems to be the main parameter that drives the star formation activity (e.g., Cowie et al. 1996) and, more in general, galaxy formation and evolution, while environment plays probably only a secondary role (e.g., Moran et al. 2005; Yee et al. 2005) . On the contrary, in clusters the stellar population properties of early-type galaxies depend significantly also on the environment (e.g., Gobat et al. 2008 , Rettura et al. 2008 ). On the one hand, measurements of the luminous mass (i.e., in the form of stars) of early-type galaxies can be performed by fitting their observed SEDs with composite stellar population models (e.g., Fontana et al. 2004; Rocca-Volmerange et al. 2004; Saracco et al. 2004 ). On the other hand, the most obvious source of information on the total (i.e., luminous+dark) mass of local early-type galaxies is provided by different dynamical tracers, like stars (e.g., Saglia et al. 1992; Gerhard et al. 2001) , cold atomic hydrogen and warm ionized gas (e.g., Buson et al. 1993; Franx et al. 1994 ), X-ray emitting gas (e.g., Mushotzky et al. 1994; Loewenstein & White 1999) , globular clusters (e.g., Mould et al. 1990) , and planetary nebulae (e.g., Arnaboldi et al. 1998) . Furthermore, in early-type galaxies acting as lenses, strong and weak gravitational lensing analyses (e.g., Langston et al. 1990; Rix et al. 1992; Gavazzi et al. 2007; Grillo et al. 2008c) offer the most accurate projected total mass measurements in extragalactic astronomy. By combining (e.g., Trott & Webster 2002; Treu & Koopmans 2004; or by comparing (e.g., Drory et al. 2004; Ferreras et al. 2005; Rettura et al. 2006 ) these various mass diagnostics, it is possible to study in detail the internal structure of earlytype galaxies and to test galaxy formation and evolution models (e.g., Nagamine et al. 2004; De Lucia et al. 2006) .
The paper is organized as follows. In Sect. 2, we describe the sample of early-type lens galaxies that are considered in our study. Then, in Sect. 3, we investigate some physical properties of the lenses, using different composite stellar population models to fit the SDSS multi-band photometry. In Sect. 4, by adding lensing information, we address the mass decomposition in terms of luminous and dark matter contained within the Einstein radii of the galaxies in the sample. Finally, in Sect. 5 we summarize the results obtained in this paper. Throughout this work we assume a concordance cosmology with Hubble parameter H 0 = 70 km s −1 Mpc −1 , matter and dark energy density parameters Ω m = 0.3, Ω Λ = 0.7. In this study, all logarithms have base 10 and adimensional arguments, that are obtained, where necessary, by dividing the dimensional quantities by the adopted measurement units.
The sample of early-type lens galaxies
In this analysis, we focus on the "grade-A" strong gravitational lensing systems discovered in the SLACS Survey 1 and presented in Bolton et al. (2008a) . These systems were first spectroscopically selected from the database of the SDSS 2 by identifying emission lines of a hypothetical source located at a redshift higher than that of the possible lens galaxy that is responsible for the continuum. Then, they were all observed at least once through the F814W filter of the Advanced Camera for Surveys (ACS) on board the Hubble Space Telescope (HST), to confirm the lens hypothesis. For more details on the selection procedure, on the observations, and on the lens modeling see Bolton et al. (2006 Bolton et al. ( , 2008a .
We restrict our sample to the 57 massive early-type galaxies acting as lenses. These galaxies belong to the SDSS Main galaxy sample (Strauss et al. 2002) and Luminous Red Galaxy (LRG) sample (Eisenstein et al. 2001) . In Table 1 we show the spectroscopic and photometric (the effective angle θ e is measured by fitting a de Vaucouleurs luminosity profile on the F814W images) quantities, that are relevant to this work, of the galaxies of the sample. The foreground (lens) galaxies have redshifts z l between 0.06 and 0.51; the background (source) objects have redshifts z s between 0.20 and 1.19. The corresponding angular diameter distances are labeled as D ol and D os , respectively. The values of the Einstein angle θ Ein of the lensing systems range from 0.69 ′′ to 1.78
. The values of the Einstein angle are typically 0.6 times the values of the effective angle θ e of the lens galaxies. The lenses have ugriz SDSS photometry and measurements of the central stellar velocity dispersion (defined as the luminosity-weighted average velocity dispersion of stars inside an aperture of radius R e /8, σ 0 = 271 ± 7 km s −1 ) from the SDSS. They have been shown to be luminous and massive galaxies similar to early-type non-lens galaxies with respect to redshift, stellar velocity dispersion, total mass density profile, and environment (see Treu et al. 2006 Treu et al. , 2008 Koopmans et al. 2006; Bolton et al. 2008a Bolton et al. , 2008b .
Stellar population synthesis models
In order to investigate properties related to stellar populations and to measure the photometric (stellar) masses of the sample galaxies, in this section we compare their observed SEDs, as derived from the SDSS data, with composite stellar population 
(R and R e = D ol θ e being, respectively, the two-dimensional projected radial coordinate and the standard optical effective radius) to the r-band luminosity profile of each galaxy and then varying this model, only in amplitude, for the other bands (after convolution with the relevant point spread function). The resulting magnitudes (see Table 1 ) correspond to magnitudes measured through equivalent apertures in all the bands and thus provide unbiased galaxy colors, in the absence of color gradients. Since we are looking at the average luminosity-weighted Fig. 2 . Histograms of the best-fit values of the photometric mass derived by comparing the observed SEDs of the 57 earlytype grade-A lens galaxies of the SLACS Survey with different composite stellar population models [Bruzual & Charlot (BC) and Maraston (M) ] and IMFs [Salpeter (Sal) , Chabrier (Cha), Kroupa (Kro) ]. stellar population of each galaxy, a possible color gradient would only result in slightly higher photometric errors and thus have a negligible impact on the photometric mass estimates determined in the following. We have checked that the measurements of the magnitudes are not significantly contaminated by the lensed objects. In fact, the lensed images are two or more magnitudes fainter than the lens galaxies. In addition, since the estimates of the magnitudes are performed by fitting a de Vaucouleurs profile, this reduces a possible effect of contamination.
In order to compute our composite stellar population models, we choose Bruzual & Charlot (2003; indexed BC) and Maraston (2005;  indexed M) dust-free templates at solar metallicity. We adopt Salpeter (1955;  indexed Sal) and Chabrier's (2003;  indexed Cha) IMFs for Bruzual & Charlot models and Salpeter and Kroupa's (2001; indexed Kro) IMFs for Maraston models. The adopted IMFs differ significantly only for stars less massive than 1 M ⊙ . The lower and upper limits of the IMFs are usually fixed by observational constraints and considerations of stellar structure to 0.1 and 100 M ⊙ , respectively. We assume the standard parametrization of the SFH called delayed exponential and given by
where t is a time variable that is defined positive starting from the onset of star formation and increases moving to lower redshifts (t must not be confused with the cosmic time) and τ is the characteristic time scale. This SFH, more realistic than a simple exponentially declining one (Gavazzi et al. 2002) , is similar to that proposed by Sandage (1986) . In population synthesis studies, it is possible to convert the star formation weighted age, defined as
where T is the "age" of the model, i.e. the time elapsed since the onset of star formation (constrained by the age of the Universe at the galaxy redshift), into a formation redshift z f and to use it to account for the average age of the bulk of the stars in a galaxy. In conclusion, the fit of the observed SEDs is performed on a grid of composite stellar population models characterized by three parameters: T , τ, and photometric mass M * . We measure the uncertainties on the best-fit parameters by projecting the joint probability density distribution onto the corresponding axes. Here we concentrate on the galaxy properties related to the photometric mass and we leave the study of the star formation history for future work. From the best-fit models and assuming a passive evolution, the photometric mass and the B-band luminosity at redshift z = 0 (M * ,0 and L B,0 , respectively) are estimated. These quantities will be shown to be relevant in the following analysis. In Fig. 1 we plot the observed SEDs and the best-fit models of two of the galaxies in the sample. We remark that the lack of significant systematics due to calibration or aperture corrections in the SDSS photometry ensure accurate estimates of the best-fit model parameters.
The best-fit values of the photometric mass of all the galaxies of the sample, obtained by using the different composite stellar population models and IMFs (M Table 4 and plotted in Fig. 2 . The measured photometric masses (between 3 × 10 10 M ⊙ and 1.4 × 10 12 M ⊙ , with typical errors on the order of 30%) show that the sample is representative of massive (and luminous) early-type galaxies. In Tables 2 and 4 we see that the photometric mass values depend significantly on the adopted IMF, but not on the stellar population model. In particular, assuming a Salpeter IMF, we find estimates of photometric mass more than one and a half times larger than those obtained by choosing a Chabrier or Kroupa IMF, but, fixing a Salpeter IMF, Bruzual & Charlot's templates give photometric mass measurements consistent, within the errors, with those derived from Maraston's templates. This last result is not surprising, as the lens galaxies are older than the age range where the two sets of templates differ.
The first differences are associated to the fact that Chabrier and Kroupa's IMFs contain a larger fractional number of massive stars compared to Salpeter's IMF. This implies that, at a fixed age and metallicity, the integrated flux predicted by models with the first two IMFs is larger than the integrated flux predicted by models with Salpeter's IMF. Thus, since the photometric mass is essentially the proportionality factor that multiplies the model flux to reproduce the observed flux of a galaxy, the models with a Chabrier and Kroupa IMF yield smaller mass values than the models with a Salpeter IMF.
We emphasize that our photometric mass measurements are not affected in a significant way by the lensed objects. In fact, as the lensed images are bluer than the lens galaxies, the lensed images influence very little the photometry in the redder filters, which are known to be more sensitive to photometric mass estimates. Moreover, we find that the values of the photometric mass obtained by using the complete multi-band photometry or excluding the u magnitudes are approximately the same and consistent within the errors.
On the other hand, we note that the photometric mass estimates depend on the adopted metallicity and, as already dis- 
cussed, on the IMF. The effects of metallicity and fraction of massive (M > 1M ⊙ ) stars on the photometric mass measurements are opposite. Indeed, for a given color, low-metallicity models have smaller near-infrared fluxes than high-metallicity ones, while models with a top-heavy IMF are brighter than models with a Salpeter one, thus driving the stellar mass estimates up and down, respectively. While some recent results would seem to indicate that early-type galaxies may have a top-heavy IMF (e.g., van Dokkum 2008), a metallicity of half or less the solar one would be required to reproduce the photometric mass values from solar metallicity models with a Salpeter IMF. The latter have been shown to be consistent with independent luminous mass estimates obtained from a joint strong lensing and stellar dynamics analysis (Grillo et al. 2008a) . However, such a low metallicity would be inconsistent with studies of massive ellipticals in the nearby Universe (e.g., Thomas et al. 2005; Gallazzi et al. 2006 ). In addition, we notice that photometric mass estimates obtained by using single burst or truncated star formation histories are consistent, given the errors, with those derived from delayed, exponentially declining star formation histories. This is not surprising as our parameter grid also accommodates SSP-like models. We show in Fig. 3 and 4 the dependence of the size (R e ) and of the surface stellar mass density [M * /(2πR 2 e )] of the galaxies in the sample on their photometric mass. The values of the Pearson linear (̺) and Kendall rank (ς) correlation coefficients (for definitions, see Salkind 2006) are, respectively, larger than 0.84 and 0.60 in the former case and smaller than −0.28 and −0.12 in the latter case (see Table 3 ). It follows that the galaxy size and surface stellar mass density are linearly correlated with the galaxy photometric mass at a more than 95% confidence level. The values of the best-fit power indexes α and β of the size-stellar mass
and surface stellar mass density-stellar mass
relations are reported in Table 2 . Note that similar relations are valid replacing in the previous two equations the photometric mass with luminosity (e.g., Kormendy 1977 ).
We remark that our results, derived from a sample of earlytype lens galaxies are consistent, within the errors, with the results derived from a larger sample of SDSS early-type galaxies (see Shen et al. 2003; Cimatti et al. 2008 ). For instance, Shen et al. (2003) have measured a value of 0.56 for α in a sample of more than 10 5 galaxies of the SDSS. In that study, the values of the photometric mass have been based on Bruzual & Charlot models and Kroupa's IMF. The scaling laws presented in Eqs. (4) and (5) have been shown to have important implications for the formation and evolution of early-type galaxies in all hierarchical merging models (see Shen et al. 2003; McIntosh et al. 2005; Rettura et al. 2008; van der Wel et al. 2008; Cimatti et al. 2008) .
Then, we investigate whether the properties of the environment around the lens galaxies of the sample have any relation with the photometric mass of the galaxies determined by our SED fitting. We consider the environment parameter D 1 (defined in Cooper et al. 2005) , i.e. the projected number density of galaxies enclosed within a circle centered on each lens of the sample and with radius equal to 1 Mpc. Treu et al. (2008) have measured the so-called global overdensity estimator by normalizing D 1 to the average density of neighbors D 1 estimated from one hundred random fields of the SDSS. The neighbors are selected by adopting specific magnitude and photometric redshift limits, which depend on the magnitude and redshift of the lens galaxies (for further details, see Treu et al. 2008) . The global overdensity has been measured for 54 of the 57 galaxies of our sample.
In Fig. 5 , we see that the photometric mass M * is linearly correlated, at a statistically significant level of more than 90% (̺ 0.24 and ς 0.14, see Table 3 ), to the global overdensity D 1 / D 1 . By fitting the relation
we find the values of the power index γ shown in Table 2 . Our findings on early-type lens galaxies are consistent with the results from other different studies, according to which early-type galaxies are more luminous and more massive in regions of higher galaxy density (e.g., Dressler et al. 1980) . Next, by assuming a passive evolution from the galaxies' z l to redshift z = 0, we study the dependence of the B-band stellar 
Notes -For the different models and IMFs the values of the correlation coefficients between the specified variables are given. In parentheses we show the probabilities that an equal number of measurements of two uncorrelated variables would give values of the coefficients larger than the measured ones. Table 3 ). Thus, the mass-to-light ratio correlates statistically with mass at a more than 99% confidence level. The best-fit values of the exponent δ of the scaling law for the different models are given in Table 2 .
By assuming that early-type galaxies are homologous stellar systems in virial equilibrium, that their effective (dynamical) mass-to-light ratio M L −1 scales as the effective (dynamical) mass M˜δ [in a way similar to that expressed in Eq. (7)], and by observing that early-type galaxies are approximately located on the FP, a value ofδ of 0.21 ± 0.02 has been estimated by Treu et al. (2008) for the Coma galaxies. From a sample of nearly 9000 early-type galaxies of the SDSS between redshift 0.01 and 0.30, it has been derived (Bernardi et al. 2003) directly from observed quantities that the dynamical mass-to-light ratio σ 2 0 R e /L scales with dynamical mass as (σ 2 0 R e ) 0.22±0.05 . Our findings on the dependence of the stellar mass-to-light ratio on photometric mass are in good agreement with the cited studies on the corresponding dynamical quantities. It is interesting to notice that the extremely good concordance of the scaling law between mass-to-light ratio and mass, stellar and dynamical, implies that dynamical (or total) mass is linearly proportional to stellar mass. We will show further evidence of this result in the next section.
Besides, we investigate the evolution of the stellar massto-light ratio with redshift. In Fig. 7 we plot the difference between the logarithms of the stellar mass-to-light ratios measured by the models at the redshift of the lens galaxies and the stellar mass-to-light ratios predicted by assuming passive Table 2 .
Under appropriate hypotheses (e.g., see Treu et al. 2001 Treu et al. , 2005b ) the evolution of the intercept of the FP with redshift can be related to the evolution of the average effective mass-to-light ratio. Then, by assuming that the effective mass is linearly proportional to the stellar mass (i.e., M ∝ M * ), the evolution of the effective mass-to-light ratio can be connected to the evolution of the stellar mass-to-light ratio. From analyses of this kind, the SLACS Survey has established on a sample of fifteen galaxies located at redshift lower than z = 0.33 that the stellar massto-light ratio evolves as d log(M * L −1 B )/dz = −0.69 ± 0.08 ). In the same study, by including five more distant (till redshift z = 1) lens galaxies from the LSD Survey (Treu &  Koopmans We can conclude that our results based on stellar population models are concordant with those coming from the FP, demonstrating once more the validity of the linear relation between stellar and effective masses.
Finally, in Fig. 8 , we compare the absolute values of the stellar mass-to-light ratio at the redshifts of the sample galaxies, as derived from the FP analysis described above and from our best-fit composite stellar population models. In detail, in the former estimates, the local value of the stellar mass-to- We remark that the values of the mass-to-light ratios reproduced by models with Salpeter's IMF are consistent, within the errors, with the values predicted by the FP; on the contrary, by adopting Chabrier and Kroupa's IMFs, we measure values of the mass-to-light ratios systematically lower than those expected from the FP. Moreover, by combining strong and weak gravitational lensing measurements in a sample of 22 earlytype lens galaxies of the SLACS Survey, Gavazzi et al. (2007) have measured an average value of the stellar mass-to-light ratio of 4.
This value is consistent, within the uncertainties, with our average values derived with a Salpeter IMF, but not with a Chabrier and Kroupa IMF (see Table 2 ).
Mass measurements inside the Einstein radii
In this section we describe how the total (luminous+dark) and luminous masses of the lens galaxies in the sample can be measured, within the Einstein ring, by using gravitational lensing and SED fitting methods.
Total masses from gravitational lensing
The distribution of the total mass of the galaxies in the sample has been successfully modeled by Bolton et al. (2008a) in terms of a one-component singular isothermal ellipsoid (SIE). This model can be parametrized by the values of a length scale (related to the projected distance of the multiple images of a lensing system and called Einstein radius in the axisymmetric case), ellipticity, and position angle. By choosing the normalization adopted by Korman et al. (1994) , the value of the projected mass enclosed within the elliptical critical curves of an SIE is independent of the value of the ellipticity of the model. Thus, the value of the projected mass enclosed within the tangential critical curve of an SIE model can be expressed as for an "effective" axisymmetric model:
where R Ein is the "effective" Einstein radius of the lensing system and Σ cr is a geometrical factor, called critical surface mass density. This factor depends only on the angular diameter distances between observer, lens, and source (D ol , D ls , and D os ), and is defined as
being c the light speed and G the gravitational constant.
We show in Table 4 the values of the total projected mass and their errors for the galaxies of the sample. These values are estimated by applying Eq. (8) to the data of Table 1 and assuming a conservative 5% error on the values of the "effective" Einstein angles measured by Bolton et al. (2008a) . For the sample galaxies, the average value of the total mass projected within the average Einstein radius of approximately 4 kpc is M len tot (≤ R Ein ) = (23 ± 2) × 10 10 M ⊙ .
Luminous masses from photometry
The estimates of the photometric masses of the galaxies of the sample are performed by fitting their SEDs, as explained in the previous section. Then, the values of the mass in the form of stars enclosed within the disk defined by the Einstein radius of each lensing system [M 
This last factor is defined as the light measured within the Einstein ring divided by the the total light of the galaxy parametrized by a de Vaucouleurs luminosity profile. In detail, the analytical expression is given by
where I(R) is given by Eq. (1). The implicit assumption made in this calculation is that the stellar mass is traced by the light distribution.
In the sample, the mean value of the aperture factor is f ap = 0.36 ± 0.01. Thus, on average, more that one-third of the light (luminous mass) is contained within the disk defined by the Einstein radius of the lenses. In Table 4 we report the estimates of the mass in the form of stars inside the Einstein radii of the lens galaxies for the different composite stellar population models and IMFs. These mass values range between 1 × 10 10 M ⊙ and 40 × 10 10 M ⊙ and their average values are shown in Table 2 . We note that the previously mentioned dependence of the photometric mass measurements on the adopted IMF is clearly reflected here.
Luminous and dark matter
In order to study the relationship between luminous and dark matter, we analyze the lensing (total, i.e. luminous and dark) and photometric (luminous) masses of the 57 grade-A lens early-type galaxies of the SLACS Survey (see Table 4 ) in a statistical way, supposing that the structure of all the lenses can be taken to be homologous.
In Fig. 9 we plot the total versus luminous mass estimates for the different models and IMFs under investigation. We find that the two quantities are statistically correlated at more than 99% confidence level, as proved by the values of the Pearson linear and Kendall rank correlation coefficients (see Table 3 ), that are larger than 0.87 and 0.68, respectively, in all four cases. From the plot, we note that the best-fit correlation line of all the models is well-approximated by a line parallel to the oneto-one relation line. In particular, we show in Table 2 that the best-fit values of the exponent ǫ of the relation
are consistent with unity. Two qualitatively different scenarios are evident by looking first at the top panels and then at the bottom ones. In fact, the intercepts of the best-fit correlation lines in the top panels are similar, so that the two best-fit correlation lines of the first models are almost identical. The same can be concluded by considering the two bottom panels. The mean values, and their errors, of the ratios between the total and luminous masses of the four models are respectively 1.5 ± 0.1, 1.8 ± 0.1, 2.6 ± 0.1, and 2.7 ± 0.1.
This suggests that, according to all the models, the total mass is linearly proportional to the mass in the form of stars of the lenses of the sample, that the photometric mass estimates of the first (last) two models are consistent (as discussed above), and that, on average, the dark matter component, that must be added to the luminous component to give the total mass of the lenses of the sample, is considerably larger for the last two models than that for the first ones.
Then, we evaluate the fraction of projected mass in the form of stars enclosed within the disk defined by the Einstein radius of each lensing system as the ratio between the values of the luminous and the total projected mass of each model ( f We obtain the values presented in Tables 2 and 5 and plotted in Fig. 10 versus an adimensional radius given by the ratio of the Einstein radius over the effective radius of each lens. This adimensional radius describes more conveniently than the Table 5 . The fractions of mass in the form of stars and the mass-to-light ratios of the 57 early-type grade-A lens galaxies of the SLACS Survey.
SDSS Name f
J0008−0004 0.54 5.7 ± 1.7
Einstein radius how close the investigated region is to the center of a lens.
Surprisingly, in Fig. 10 , we do not find any statistically significant evidence on a decrease of the fraction of mass in the form of stars going from 0.2 to 1.0 R e in any of the models. Although it is less straightforward than here, the same result can be found also in the analysis of the first 15 galaxies of the SLACS Survey performed by Koopmans et al. (2006) (see Fig. 2 ). In that joint gravitational lensing and stellar-dynamical study, an average value of 0.25 ± 0.06 is measured for the dark matter fraction projected inside the average Einstein radius of 4.2 ± 0.4 kpc. A slightly larger value (0.37 ± 0.04) of the same quantity is estimated by Gavazzi et al. (2007) from weak-and strong-lensing modeling of 22 galaxies of the SLACS Survey. Both these previous results are consistent, within the uncertainties, with our average values, if a Salpeter IMF is adopted (see Table 2 ). We notice that a sample of early-type lens galaxies more distant than the galaxies considered in this study would be very valuable to probe galaxy regions beyond one effective radius. Future wide-field imaging surveys [e.g., Panoramic and Large Synoptic Survey Telescope (LSST)] will make a sample of this kind available. By modeling it, we should be able to observe, at these large radii, a statistically significant increase of the dark matter fraction, as already suggested by several analyses on high-redshift lenses (e.g., Treu & Koopmans 2004; Grillo et al. 2008c) .
Starting from the previous considerations, we decide to quantify the amount and the distribution of dark matter in the sample of lenses. Thus, we model the cumulative mass profile of the luminous component as a de Vaucouleurs profile [see Eq. (1)] and the cumulative mass profile of the dark component as a power-law [M D (≤ R) ∝ R η ] or a pseudo-Jaffe profile
The pseudo-Jaffe profile derives its name from the three-dimensional density distribution [ρ(r) ∝ (r 2 + r
, that is similar to that of the Jaffe (1983) 
We optimize the parameters of the dark matter profiles in order to reproduce the observed fraction of mass in the form of stars and we estimate the errors on the best-fit profiles by means of 1000 Monte Carlo simulations.
The results are shown in Table 6 and in Fig. 11, 12 , 13, and 14. We find that the best-fit values of the exponent η of the power-law cumulative mass profile range between 0.32 and 0.54, suggesting that in the inner regions the dark matter density profile is significantly steeper than a NFW profile (Navarro et al. 1997) . This explains, a posteriori, our second choice of a pseudo-Jaffe instead of a NFW profile for the dark matter component. By assuming a pseudo-Jaffe profile, we notice that the best-fit values of the core radius R 1 are smaller than 0.005. This strengthens our statement about the concentration of dark matter in the center of the lens galaxies. The plots confirm the qualitative discussions about the amount of dark matter made by analyzing Fig. 9 . In addition, we note that the cumulative total mass profile predicted by all the models is consistent within the errors with a function increasing linearly with R (i.e., with what is expected for a 1/r 2 "isothermal" total density distribution), independent of the assumed profile of the dark matter component. As already mentioned, the fraction of dark matter required by assuming a Chabrier or Kroupa IMF is significantly Fig. 13 . The fraction of mass in the form of stars ( f * ) enclosed within the disk defined by the Einstein radius versus the Einstein radius (in units of the effective radius) of the 57 early-type grade-A lens galaxies of the SLACS Survey as obtained by using Bruzual & Charlot models and Salpeter's IMF. The lines show the best-fit pseudo-Jaffe models for different composite stellar population models [Bruzual & Charlot (BC) and Maraston (M) ] and IMFs [Salpeter (Sal) , Chabrier (Cha), Kroupa (Kro) ].
larger than that related to a Salpeter IMF. In particular, in the former case, the mass in the form of dark matter within R e can be more than the estimated mass in the form of stars; in the latter case, the dark mass within R e is less than about 40% of the luminous mass (see Table 6 ). In Grillo et al. (2008a) , we have shown that inside the Einstein radii of early-type lens galaxies a Salpeter IMF gives photometric estimates of mass in the form of stars in agreement with the estimates from lensing+dynamics. We have also found that the photometric masses obtained by assuming Kroupa or Chabrier's IMFs are very probably underestimated (under the hypothesis of solar metallicity). The extremely large amount of dark matter predicted here by choosing the latter IMFs seems to suggest the same conclusion.
This test, in addition to that already conducted and shown in Fig. 8 on the mass-to-light ratios, states that photometric mass measurements obtained by adopting Salpeter's IMF are more reliable. Thus, we conclude that in this section the estimates of the first two models about dark matter must be considered more realistic than those of the last two models.
Summary and conclusions
In this paper we have studied the photometric mass properties and the luminous and total mass content of the 57 grade-A early-type lens galaxies of the SLACS Survey. First, we have modeled the galaxy SEDs, obtained from the SDSS multicolor photometry, in order to measure the mass in the form of stars present in the lenses. Then, with the aim of disentangling the luminous and dark matter components inside the Einstein radii of the lensing systems, we have combined our results with the best-fit values of the lens models developed by Bolton et al. (2008a) .
The sample galaxies are located at redshifts between 0.06 and 0.51 and the values of the Einstein angle of the lensing systems vary between 0.69 ′′ and 1.78 ′′ . The average value of the Einstein radii is equal to 4.1 ± 0.2 kpc and this is approximately 0.6 times the average value of the effective radii of the lens galaxies.
In detail, the main results of our study can be summarized as follows:
-The distribution of the lens galaxies on the size-stellar mass and surface stellar mass density-stellar mass planes is consistent with that of massive early-type galaxies in the local Universe. -The values of the photometric mass of the lens galaxies correlate with the values of the overdensity estimator. This indicates that massive lens galaxies reside preferentially in regions where the density of neighbor galaxies is high, as for early-type galaxies in general. -If the composite stellar population models are followed in their passive evolution till redshift zero, at this redshift, the predicted values of the B-band stellar mass-to-light ratio of the lenses scale with the values of their photometric mass in the same way as the corresponding effective quantities of local early-type galaxies scale according to the FP. It implies that the dynamical (or total) mass of the lens galaxies is linearly proportional to their photometric mass. -For the lenses, the evolutionary rate value of the rest-frame B-band stellar mass-to-light ratio is consistent, within the uncertainties, with that obtained from the FP on the effective mass-to-light ratio. This offers some more evidence on the linear relation between the lens total and photometric masses. -The values of the rest-frame B-band stellar mass-to-light ratio of the lenses, measured from composite stellar population models with a Salpeter IMF, are consistent, within the errors, with the values derived from the FP, whereas the values obtained by adopting a Chabrier or Kroupa IMF are systematically smaller than those of the FP. -Inside the Einstein radii of the lensing systems, the values of the total projected mass measured from the lens models are linearly proportional to the values of the luminous mass estimated from the SED fits. -The average values of the fraction of dark over total projected mass inside the Einstein radii of the lensing systems vary approximately from 30% to 60%, depending on the adopted IMF. -By assuming that the sample galaxies are homologous systems, the value of the projected mass in the form of dark matter enclosed within one effective radius is between 0.2 and 0.4 times the value of the photometric mass obtained with a Salpeter IMF.
We emphasize that, according to the first results, early-type lens galaxies are not different from massive early-type non-lens galaxies with respect to the luminous mass properties. This allows us to generalize the last results, that refer to the dark mass component and can be obtained only by combining photometric and lensing measurements in lens galaxies, to the overall population of massive early-type galaxies.
